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ABSTRACT 
In the road construction industry, doing work inspection is a laborious and 
resource-consuming job because of the distributed work site. Contractors in 
Finland require to capture photos of every road fix they have done as proof of 
their work. It is well-established that with the help of smartphone technology, 
these kinds of manual work can be reduced. This thesis aims to develop and 
evaluate a smartphone-based system to capture video evidence of task 
completion.  
The system, designed and developed in this thesis, consists of an Android 
application named 'Road Recorder' and a web tool for managing the content 
collected by Road Recorder. While mounted to a vehicle's dashboard used in 
construction work, the Road Recorder can record the videos of road surface and 
geo-location information and some other metadata and send them to a remote 
server that is inspected using the web tool.   
Users of different backgrounds were given the system to accomplish some tasks 
and were observed closely. The users were interviewed at the end, and responses 
were analyzed to find the usability of the applications. The results indicate the 
high usability of the Road Recorder application and reveal possible 
improvements for the Road Recorder management web application.  
Overall, Road Recorder is a great step towards the automation of such 
construction work inspection. Though there were some limitations in the 
evaluation process, it demonstrates that Road Recorder is easy to use and can be 
a useful tool in the industry.  
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Routa Systems1 is an ERP system that is designed and developed by Ficonic Solutions 
Oy2 especially for infrastructure maintenance companies. The focus of Routa Systems 
is road maintenance work management, but the system is easily customizable to use in 
any other infrastructure development and maintenance management. The system helps 
organize and digitize different aspects of road construction and maintenance, including 
but not limited to real-time tracking of the vehicle and road work, navigation, reporting 
road conditions, maintaining the whole process of the work, and employee's work time 
management.   
Road Recorder, developed in this thesis, is an in-vehicle monitoring system that is 
a part of the Routa Systems. Road recorder is designed and developed to be used in 
Android smartphones mounted in vehicles. The Road Recorder application 
automatically records videos of the roads when vehicles are in work mode and stores 
them to help inspect the road condition and keep the workers' proof of road works.  
Road Recorder also has a web-based application for managing content created by the 




In recent years, digitalization is everywhere. Almost all the aspects of life are now to 
some extent involved at least some digital devices and technologies. At work, people 
use different kinds of digital methods, software, and tools to make the work faster and 
efficient. As people do more work and faster than before, the need to document their 
work is increasing. Almost all work needs documentation either in the form of written 
documents, photographs, or video, etc. 
Like private organizations, government and local authorities now need more 
documentation of work than ever before. These documentations can be used as a 
reference, proof of work, or any other further investigation. With currently available 
software tools, it is now very easy to document works done on a desk. However, when 
it is about works done outside on the street, there are not many tools available to help 
with that. 
When doing the road maintenance work, a client of Ficonic solutions was required 
by the authority to take photos of the road damages before and after the maintenance. 
A dedicated person was appointed at every worksite to take photos, which needed more 
money, resources, and time to manage the documentation. Moreover, storing the taken 
picture with necessary metadata, such as time, location, and work orders were very 
hectic and time-consuming. Someone from the local authority then checks these photos 
to ensure that maintenance work was done properly. Going through all these photos 
one by one and comparing the before and after photos were also a tough and time-
consuming job. Moreover, it was impossible to search for specific images with 
metadata if needed. Besides, there was always the risk of losing these valuable photos.  
Routa is one of the fastest-growing infrastructure maintenance tools in Finland. 
Routa Systems make the management, execution, and reporting of infrastructure 
 
1 https://routasystems.com 




construction and maintenance work more efficient. As the client couldn't find a system 
that could solve the problem problems they were having with their documentation, 
Ficonic developed the 'Road Recorder' application as a part of the Routa Systems, 
which solved the aforementioned problems, also saves a great deal of time, money and 
resources for our client. The system is very promising to be used in many other similar 
clients. Companies from all over Europe are showing their interest in it.  
Many reasons influenced the thesis author's motivations to do a thesis on Road 
Recorder. When the first requirements for the app came, it was interesting for the 
author because the author had been actively involved with the development of Routa 
Systems. As an Android development enthusiast, also because the app was unique to 
its purpose, the author got motivated to develop the application. Moreover, the author 
was fascinated by the success of Routa Systems. Finally, Road Recorder can lead to 




1.2. Objective and scope 
The main objective of this thesis is to develop the Road Recorder tool, which consists 
of an Android application to record video and metadata of road surfaces and a web 
tool for the management of the video and video metadata. This thesis will also provide 
a comprehensive background study and related work analysis. After the development 
work, there was a comprehensive test to find out the problems with the system, validate 
requirements, and find out what users expect more from the system, which will be 
presented at the end. The following tasks are done to complete the development of the 
Road Recorder application. 
1. Requirement analysis 
2. Designing the application 
3. Server setup 
4. Backend implementation 
5. Road Recorder Android app development 
6. Content management web tool development for Road Recorder 
7. Testing and validating the system 
8. Evaluation of the system 
The target audience of the thesis is the researchers and software developers who are 
working with in-vehicle monitoring systems and digital documentation, also the clients 
of Routa Systems and other infrastructure maintenance companies.  
The thesis author’s contribution to the development work was in Android 
application development, backend development, and testing. For the web content 




Chapter 1 presents the topic for this thesis. The motivations of this thesis are described. 
Also, the objective and scope of the research are defined here.  
Chapter 2 presents the background of the thesis. Related academic and industry 




Chapter 3 describes different tool components of Routa Systems that are related to 
the thesis work. 
Chapter 4 and 5 presents the development of inspection tools. Chapter 4 describes 
the planning and designing of the application. It also describes the software 
architecture of the system. Chapter 5 presents how the actual implementation of the 
system is done, including how different applications in the system communicate with 
each other and work synchronously.  
While chapter 6 describes the evaluation strategies of the application and the 
qualitative and quantitative findings from the evaluation, chapter 7 briefly presents the 
analysis of the testing results.   
Chapter 8 suggests some improvements and future works based on the analysis of 
chapter 7. Chapter 9 briefly summarizes the whole thesis, and the last chapter lists all 





This chapter primes the thesis topics and presents the theoretical part of the thesis. It 
provides an overview of the related work and introduces the related concepts to help 
understand the bigger picture of the thesis. The chapter starts with the discussion on 
Road maintenance work inspection tools. Video surveillance camera systems are then 
described with their uses. Then In-vehicle monitoring systems are presented, along 
with the possibility of using a smartphone in an In-vehicle monitoring system. Finally, 
testing approaches are discussed. 
 
 
2.1. Road maintenance inspection tools 
A routine inspection in a construction site is important for many reasons. First, it 
ensures that the project is progressing as expected. Secondly, it guarantees that project 
requirements and standards are maintained properly. The inspection also helps to 
estimate the necessary materials, equipment, and resources needed for the work. Like 




2.1.1. The traditional way of road maintenance inspection 
Traditional monitoring and inspection work in construction sites rely on lots of manual 
work [1]. There is always a need for a human to handle the monitoring task. The person 
must go through all the necessary parts of the construction and take notes on that. This 
involves human judgment, high costs, and is too infrequent to provide authorities 
timely and accurate control data [2]. Also, the quality and integrity of the data are low 
because of irregular data generation [1]. Traditional road construction inspection is 
just like any other construction work. On a road construction project, there will be 
inspectors who inspect if work is being done according to specifications. Inspectors 
travel to all the points where construction works are done and then verify that it is done 
properly according to company standards. Also, they note some necessary information 
that is used as proof of work later. Moreover, road inspection requires more resources 
and time to inspect than any other construction work because road work is distributed 
to a large area in most cases. 
 
 
2.1.2. Modern road maintenance inspection tools 
To overcome the limitations of manual inspection, researchers have been working on 
automated tools. To the best of our knowledge, no papers exist in the computer vision 
literature on road maintenance inspection tools. However, work exists on various 
related topics. 
Different kinds of tools and techniques are proposed for work progress tracking. 
The first approach is work progress tracking by using static image processing taken by 
some fixed cameras. Ibrahim et al. presented a conceptual framework to automate both 




construction work [2]. They proposed an integrated system for progress monitoring 
based on the work breakdown structure (WBS), where the project work is divided into 
smaller manageable components [2]. This was done in two ways. Firstly, they 
integrated a means of modeling and assigned each work component to work packages 
based on precise criteria. Secondly, on-site cameras are used to take images of the site. 
These images are then analyzed automatically to measure the completion of 
components and to assess the material needed. This is combinedly used to determine 
work progress. Though the camera system works in a controlled situation, it has some 
limitations. One of the biggest concerns is the coverage of the fixed-camera approach. 
Components that are not in the camera scene do not necessarily mean the component 
is completed; hence it might need a physical inspection to verify the situation. 
However, the system can be improved by using multiple sources of the image i.e. 
multiple cameras with additional information.   
One way to solve the unavailability of fixed cameras in place is to use a moving 
camera capable of remote sensing. With the rapid improvement of unmanned aerial 
vehicles (UAV), remote sensing is becoming easier. The main advantage of using 
UAVs is their easy access in hard-to-reach locations. UAVs can have different sensors, 
including, but not limited to, cameras, visible light, light detectors, ranging sensors, 
etc. [3].  Freimuth et al. [3] proposed a concept of doing visual inspection tasks of 
construction with UAVs. They developed an application that allows planning 
inspections in a 3D environment. The application consequently creates collision-free 
flight ways based on Building Information Modelling (BIM) data. When traveling 
through those paths, UAVs collect photographs of the resulting inspection and store 
them for further processing. While the system can gather rich information of the point 
of interest, it showed some technical problems during the pilot test, i.e. the UAV 
needed to maintain a fixed distance to the structure manually, which authors are 
planning to improve in the next phase. Quater et al. [4] used UAVs to inspect solar 
panels in a photovoltaic plant. Solar panel modules need regular inspections to check 
for possible degradation and damage. The inspection was done in two phases. UAVs 
were used to scan the module from high altitude in the first phase to identify damage 
and hot spots. In the second phase, the modules are scanned from low altitude to 
identify mechanical and deterioration-induced problems. While with the manual 
inspection, each module needs to be inspected separately, UAVs can inspect the whole 
plant with one single flight; hence such operation is cost-effective.   
Complex megastructures like bridges also need regular inspection. Most of these 
inspections are mainly visual. A structure, like a bridge, may have many parts hard to 
reach underneath and on top of the structure. UAVs can easily be used for inspection 
in such cases. Hallermann et al. [5] proposed a method of visual inspection using 
remote control UAVs. They developed the prototype of a semi-autonomous inspection 
method that can detect damage automatically by analyzing photos and videos. The 
UAVs used in the system are GPS-controlled but can be handled manually during bad 
weather conditions. Geo-locations are stored with photos and videos as metadata, 
which can generate a 3-D model of the structure. 
As can be seen, the technology aims to help to conduct routine inspections in a 
construction site. Since this thesis is focused on road maintenance inspection, video 






2.2. Video surveillance system 
Video surveillance cameras are everywhere nowadays, helping humanity against 
crime and maintaining close observation on anything from anywhere. Video 
surveillance is a system consisting of one or more cameras connected to a control 
system to communicate with each other [6]. A video surveillance system is used to 
monitor the behavior or activities of certain entities from a distance. A typical video 
surveillance system has multiple cameras which record continuous videos, a control 
unit to control the behavior of the camera, some storage devices to store the recorded 
video, and graphical user interfaces to set up the camera and settings, search and play 
videos anytime, live view the videos, etc. [6]. Scopes of a video surveillance system 
include prevention, reaction, detection, and intervention depending on the places and 
fields it is used. Both analog and digital cameras are used in a video surveillance 
system. For tracking, recording, and video analysis, an analog camera transmits video 
through a coaxial cable, while a digital camera transmits video via a network to a single 
central location [7]. While the analog camera has a low initial cost, widespread 
compatibility, and very good camera performance under the difficult scenario, the 
digital camera system provides better image quality and easy remote access. Also, it 
is easy to integrate and is cost-effective [7]. Many companies in the market provide 
hardware and software solutions for monitoring in many different scenarios using the 
video surveillance camera system. Some of the most common use cases are office, 
house, roads, highway monitoring. 
 
 
2.2.1. Mobile surveillance camera 
The mobile surveillance camera can be a mobile-head camera that can move and tilt 
[8] or be a fixed camera mounted to a moving object. Kitahara et al. [9] introduced 
research to develop a surveillance camera network, 'ViSE,' which uses environmental 
and mobile cameras to address these problems. The system uses a semi-automatic 
monitoring approach where mobile cameras with larger viewports are used to 
minimize blind spots and make monitoring work easier. Cameras are calibrated with 
one another; hence it is easier to track down any moving objects seen at a particular 
location before. Using mobile cameras raises some privacy concerns in specific places. 
Researchers used stealth vision with a mobile camera and faded out the privacy regions 
to maintain privacy [9]. Jackson et al. [10] represented a mobile video camera system 
that takes aerial video data of roadway locations for vehicle safety analysis. The system 
records and stores user's behavior on the road, such as speed and lane change, and 
analyses it to better understand the driver's behaviors on the road. Moreover, this 
system helps identify accident-prone areas on the road. Greenhil et al. [11] proposed a 
system where they implement virtual observers in a mobile surveillance system. They 
used low temporal panoramic video cameras mounted on the buses. 
Mobile video recorder systems have been used in such operations where direct 
human intervention is impossible. Chai and Wang designed and implemented such a 
mobile video surveillance car which can be used in narrow and unsafe spaces to rescue 
something. They showed that their system reduces transmission delay, video images 
are smooth, and streaming is stable [12]. The system uses a USB camera to collect 




In summary, most mobile surveillance systems use a single fixed camera mounted 
on a moving object. These systems mainly vary on the moving object which carries 
them. A system with one fixed camera is easy to install and maintain but can cover 
only a limited space. On the other hand, multiple camera systems can cover a wider 
space but are costly and complex. With the increase in the number of surveillance 
cameras, problems related to multiple camera systems are increasing, such as 
operational hazards and privacy concerns [9]. Mobile surveillance cameras help to 
overcome many of these problems. 
 
 
2.2.2. Smartphone as a surveillance camera system 
Though there have been many important efforts, image and video data collection for 
the surveillance system is still a complicated, costly, and time-consuming process. In 
many studies, video data is collected from fixed locations using the pre-set camera. 
However, the problem arises when video cameras do not exist at the locations of 
interest [12].  
With the advancement in mobile technologies, people are expecting more and more 
from their mobile devices [13]. As smartphones are becoming powerful, many 
surveillance systems are making smartphones a part of the system. For instance, 
Smartphones can be used as a surveillance camera or the processor of the system. Ma 
and Li [13] designed an intelligent moving vehicle equipped with an Android phone 
and a USB camera. They developed an Android application to control a vehicle 
remotely that has a camera mounted in front. Users can specify the direction and path 
for the vehicle and camera with the Android application. The system is equipped with 
a Wi-Fi module that takes care of communication between the Android client and the 
camera module. Because of hardware limitations, using the smartphone's camera as a 
full surveillance system is not common. Moreover, many systems nowadays use 
mobile phones as terminals to provide real-time information. Pang et al. [14] proposed 
a system where a processor connected with a USB camera serves as the server and an 
Android smartphone serves as the client. The server and client are connected through 
a socket connection. The client receives video data and sensor information and takes 
necessary action according to the sensor information. Abdelbacet et al. [15] proposed 
a similar system for a smart city that uses HTTP protocol instead of socket connection. 
It uses a three-tier architecture where a separate server is used to process the sensor 
data. An Android client is used to retrieve the processed data from the server using the 
HTTP protocol and shows it through a web application. This allows the smart city 
users to observe the video irrespective of time and place. While most of these systems 
use a dedicated camera, Tangtisanon et al. [16] designed a surveillance car that uses a 
smartphone as the surveillance camera. The system consists of two Android mobile 
phones that have the same application installed. Both systems are connected through 
a common network. One phone is used as a controller to control the wheel of the car. 
The other is the surveillance camera which is attached to the car. Video recorded by 





2.3. In-vehicle monitoring system (IVMS) 
The in-vehicle monitoring system is a collection of electronic devices installed in a 
vehicle to collect vehicle data, such as location and mechanical information. IVMS 
can store data for quick retrieval or transmit it to a remote server. Uses of IVMS can 
vary from device to device. Typical uses of IVMS are recording live data on speeding, 
acceleration, braking, seat belt use, etc. 
 
 
2.3.1. Uses of IVMS for road surface monitoring 
Lots of IVMS have been developed to improve driver visibility and detect hindrances 
on the road. Such systems record videos and analyze them instantly to give some 
insight into the surroundings to the drivers and do not store the videos for later use. 
Sohn et al. [17] developed a monitoring system for mobile navigation devices based 
on HD videos recorded by three vehicle-mounted cameras. Two of the cameras were 
mounted on both side mirrors, while the other was mounted on the rear window. These 
three cameras stream live videos of blind spots to the screen in front of the driver. They 
did not use a camera in front of the vehicle as that's already the most visible part to the 
driver. Okamoto et al. [18] patented a similar vehicle monitoring system where they 
used a pair of cameras to monitor the surroundings and a distant place from the vehicle. 
The camera helps the driver see the vehicle's surroundings and blind spots from his 
driving seat. They used twin cameras mounted in the vehicle between 50 to 90 degrees, 
ensuring that at least portions of the ranges to be captured overlap with each other. 
One of the wide uses of IVMS is monitoring road surfaces. Not just private 
companies are interested in monitoring road surfaces for their purposes, governments 
have been spending a great deal to provide safer road networks by knowing the road 
surface condition in many ways. The most used way is getting the report from the 
drivers, which is a slow process and does not give the update of all possible road 
damages [19]. To overcome these problems, Jinwoo Jang et al. [19] proposed an 
innovative system that automates collecting the road condition data. The system uses 
multiple vehicle-mounted sensors like accelerometer, GPS, and microcomputer to 
collect location data and driver's behaviors in certain positions. A supervised machine 
learning algorithm is then used to identify common patterns in driving by different 
vehicles in certain coordinates that identify possible hazards on the road surfaces. With 
some tests in real roads condition, they showed that their system is more efficient than 
the traditional way. 
When it is about collecting road surface data, cameras and sensors in a moving 
vehicle can provide sufficient data. Some researchers proposed systems to detect the 
cracks for maintenance. Quintana et al. [20] presented a computer vision system that 
can detect and classify cracks on the road by a single mounted camera in a truck. The 
analysis is done in two steps because of the hardware limitation in a moving truck. In 
the first step, images of the road are collected with geo-location during the daytime. In 
step two, during nighttime, the main analysis is done, which includes Region of 
Interest (ROI) delimitation, crack detection, and classification. Hough Transformation 
(HT) is used to detect lines, and then cracks are composed of their composition. Cracks 
are classified based on spatial properties. Sy et al. [21] proposed a similar system to 




illuminators mounted in a vehicle to illuminate the road surface. The system works 
under any light conditions because of these external light sources. Defect detection on 
the surface is mainly done with manual checking by an operator. Histogram 
equalization and morphological operation are used to filter the image without a crack 
to reduce the number of images to be checked. They proved that their system is fast 
and efficient in filtering a no-crack image in real-time. 
 
 
2.3.2. Smartphone as IVMS 
IVMS needs various sensors such as GPS, Gyroscope, Speedometer, Accelerometer, 
Magnetometer, etc. Installing dedicated sensors in vehicles or roadside is expensive 
[22] [23]. Furthermore, installing these sensors in many vehicles is time-consuming 
and requires more resources and effort [24]. As a result, smartphones are widely used 
to implement IVMS as they are equipped with various built-in sensors. For example, 
smartphones are used in road surface monitoring systems where smartphone sensors 
collect location and surface images [24] [25]. Chien et al. [26] developed an Android-
based warning system for lane detection and departure warning. The system uses an 
Android camera to capture the image of the road, and the multi-core CPU of the 
Android platform is then used to process the image and make the decisions.  The 
system uses an adaptive threshold algorithm which is proven to be more efficient than 
the existing lane detection systems. Vittorio et al. [25] developed a similar system 
where they used an Android application with GPS and accelerometer to get 
acceleration data of the vehicle. With a statistical analysis of collected data, they 
decide on road conditions to make the road safe and comfortable. Taniguchi et al. [27] 
used bicycle-mounted ultrasonic sensors to identify surface conditions and notify 
riders immediately. Their Arduino-based system can detect the surface fault of 223 cm 
away from a moving bicycle. 
One of the most important uses of IVMS is to improve driver and passenger security 
by providing surrounding data of the vehicle. Jheng et al. [28] proposed a system for 
forwarding vehicle detection and collision warning using an Android smartphone 
application. The android camera takes a picture of the road, and then the Android 
mobile CPU processes the image to detect vehicles and threats by using the Bayes 
classifier. On most sunny days, the system has shown more than 92% accuracy. Like 
the vehicle's surroundings, the driver's behavior is also important for safety on the road. 
Manoharan et al. [29] present a novel approach of detecting eye rub due to irritation in 
the eye and yawning detection through the intensity sum of the facial region. They 
presented a system that uses Android OpenCV in a low-cost Android device to identify 
facial expressions.  
Smartphones can be used to crowdsource road condition information when needed. 
For example, drivers on the road can report the condition of the road surface to a 
remote system.  Ghose et al. [30] proposed such an application for in-vehicle 
smartphones where users can report any disturbance on the road. The report is then 
shown in a web application to the other users. The application can also be used by city 





The use of the smartphone in IVMS is enormous. With the advancement in 
smartphone hardware and software, many other different uses of IVMS can be 
revealed by smartphone technology. 
 
 
2.4. Software Testing 
Software testing is a series of investigations conducted on software or service to ensure 
quality [31]. The main objective of software testing is to identify software bugs so that 
they can be corrected. However, It can also provide objective, independent information 
about the quality of software and the consequences of its failure to developers, users, 
and sponsors. Software testing is done under certain conditions and cannot always 
ensure that the product will function the same under all conditions.  
A very effective way of conducting software tests is separating "development" and 
"validation". During the development phase, a black-box and white-box testing 
approach can be used to test the application's functionality. Black-box testing is done 
throughout both the software development life cycle and software testing life cycle 
[32]. The advantage of black-box testing is that the testers and developers can work 
independently. Testers do not need any technical knowledge about the software, and 
testing is done from the user's point of view [33]. Black-box testing is easy to execute 
and gives a quick overview of the functional readiness of the system by quick spot 
check [35]. For white-box testing, testers need to know the internal logic, structure, 
and full knowledge of the source code [32]. It improves code efficiency. It also helps 
to remove unused code in the software. 
The software needs to be tested with experts and intended users. In addition to the 
participants' principles of safety and data protection, all the tests and experiments with 
users should fulfill the principles of objectivity, reliability, and validity [35]. Testing 
with intended users is done with the people who are not involved in the development 
process. They can be non-expert drivers when testing automotive software; hence it 
needs more safety measures. On the other hand, testing with experts is done with those 
who know how the software works and are involved during the development process. 
It is important to define the scenario before starting a test. Also, target test users should 
be defined. 
Modern software engineering is a human-driven action. From the very early stage 
of requirement analysis to testing and maintenance, inputs and outputs are tested by 
humans [37].  Though many parts of software development are automated using 
advanced tools, the major performers are still human, such as developers, testers, and 
consumers. Hence the testing and evaluation of software using different human-
computer interaction techniques are very crucial to test the usability of the developed 
software. Evaluation techniques used in HCI can be classified into two types: 
predictive models and techniques and experimental techniques [36]. Predictive models 
are theory-based such as System Usability Scale (SUS), Cognitive Complexity Theory 
(CCT). Predictive evaluation techniques may also be based on HCI heuristics. The 
user looks for different user interface components that he or she already knows from 
the previous experience [36]. The most popular predictive technique is the SUS, a 
'quick and dirty' way to assess the usability of a product using a survey scale [38]. 
There are many other similar survey techniques in the industry, such as the After-




Software Usability Measurement Inventory (SUMI), etc. The main benefit of these 
predictive models and techniques is that it helps to evaluate user interfaces even at the 
design phase and helps to improve the design before implementation is done. It can be 
done iteratively throughout the development life cycle. 
Experimental techniques use real data from real users by doing real tasks [36]. User 
behavior during experimental studies needed to be recorded for later analysis. Paper 
scenarios, mock-ups, computer system prototypes, or Wizard of Oz (WOz) platforms 
are used to do the experiments [50]. The Wizard of Oz testing method is a process that 
allows test users to test an interface without knowing that the responses are generated 
forcefully by a human rather than a computer system. WOz can be done throughout 
the design process as the system evolves [39]. 
Like any other software application, an in-vehicle software application can be tested 
in different stages, starting from feasibility study to final release. In their book "A 
Handbook of Driver Assistance Systems" [35], Winner et al. discussed different driver 
assistance systems testing stages. For example, a taxonomy based on the v-model [40] 
of product development is introduced to test the software requirement in the design 
process. System properties to be tested first decrease down to the bottom of the v-
model and increase again to the top. Additional tests are needed, along with product 
development tests for legislation and consumer protection. Regulators and consumer 
organizations often set the requirements for these tests. 
Testing automotive software can be a real challenge as sometimes it is hard to 
simulate a real road condition. For example, testing software developed for car airbags 
needs to simulate a real crash situation to get the expected test results [41]. Sensors 
like Accelerometer, Speedometer, and GPS, which are widely used in IVMS, are hard 
to simulate in indoor development premises.  Moreover, many countries have 
restrictions on using mobile devices while driving and need special permission from 
the authorities to run tests on the road. For example, in Finland, using mobile phones 
without a hands-free device is prohibited (Road Traffic Act of 1 January 2003) [42]. 
As a result, direct interaction with the software is not possible while driving. ISO-
26262 [43], published in 2011, defines the safety standard for testing automotive 
software systems addressing the need for an international safety standard specific to 
safety-critical automotive applications. ISO-26262 is intended to be applied in 
electrical and/or electronic systems of vehicles related to passengers' safety in a 




3. ROUTA SYSTEMS 
Routa Systems3 is a collection of applications developed by Ficonic Solutions Limited. 
The main purpose of Routa Systems is to manage employees and road work, like 
handle work inspections and manage employee work time. Currently, Routa Systems 
support three languages which are English, Finnish, and French. Routa Systems have 
different software modules. In this chapter, Routa mobile application, the Road 
recorder application, and the Routa web application are described, which are most 
relevant to this thesis. In addition to these, Routa Systems have some other applications 
and variants used for company-specific use cases. For example, there is a time tracker 
application for the workers to help them track their work time and to create their 
allowance report. Also, the Routa Android application has a different version named 
Routa Forest, designed and built to work in the forest to track worker's location and 
status and manage work time. 
 
 
3.1. Routa Android application 
Routa Android application is a mobile application developed for road construction 
work management. Routa Android application is responsible for various tasks, such as 
creating road observations, work reports, and vehicle reports. Routa Android 
application is compatible with Android SDK version 23 (Marshmallow) and higher. 
The application has a login interface that authenticates users to use the application. 
After the login, users see three tabs: the 'WORK' tab to manage work, the 
'OBSERVATION' tab to create a road condition report, and the 'MAP' tab to see the 
map view with real-time vehicle position. On the work tab, users can select which 
vehicle they are using while working on the road. Also, users can specify in which 
customer, contract, and the task they are working on. Moreover, users can indicate if 
they are working on the task (work mode in the application) or are ready to move for 
the next task (resettle mode in the application). When the user is in work mode, the 
trip log and work history are saved and synced with the remote Routa Systems backend 
server. When the user is in resettle mode, their location and work status is not saved in 
the remote backend, and the application will be reset and ready to move to the next 
task. Figures 3.1 present the WORK tab view of the Routa Android application. 
The live map view, presented in Figure 3.2, allows users to see their current 
location. The road information is shown at the top bar of the application. The live map 
view also facilitates search features; for instance, users can search a road or bridge 
with a road number or bridge number. 
Routa Android application can also be used to report vehicle inspection where the 
condition of vehicle parts is reported for further action (see figure 3.3). Routa Android 
application is also used as the controller of the Road Recorder application. It provides 
the necessary authentication credentials to the Road Recorder application and triggers 
different events for it, depending on the user's work mode and other metadata. Logging 









Figure 3.1. Work view of Routa Android application. 
 
 






Figure 3.3. Vehicle inspection view. 
 
3.2. Road Recorder application 
The Road Recorder application is the video recorder application that records the road 
surface's live video stream and geographical coordinates. The development and 
evaluation of the Road Recorder is the focus of this thesis. This application is tightly 
coupled with the Routa Android application and cannot be used without the Routa 
Android application running. The Road Recorder application uses the credentials from 
the Routa Android application to authenticate users. The application's main purpose is 
to record the road surface video using the Android device's built-in camera and collect 
geo-location data of those videos. The functionality of the Road Recorder application 
and its user interface will be discussed in more detail in chapter 4. 
 
 
3.3. Routa web application 
Routa web application is a task management browser application for managing the 
company's employees and road work. This application is compatible with any standard 
browser. The application provides a login console where users with different roles such 
as driver, map viewer, supervisor, and admin can log in to the system (see figure 3.4). 
The application has many features that help road work and construction companies 
with their contracts and tasks. Ficonic solutions have been adding new features now 
and then to the application upon the customers’ needs. The most relevant 






Figure 3.4. Login view of Routa web application. 
 
3.3.1. Work management application 
When users first log in to the web application, they see the menu on the left of the 
window, where each item contains sub-menus. The main menu items are Map, Trips, 
Observations, Areas, Work safety, Supervisor, Fleet, Settings, and Admin. The menu 
varies depending on user rights. For example, workers, supervisors, and admin users 
have different menus. Map item, which opens a map view, is selected by default (see 
figure 3.5). On the map, the user can filter and see different components depending on 




Figure 3.5. The default landing page with menus of the web application. 
 
With the Admin item sub-menu, admin users can do most of the administrative 
tasks such as adding users and editing their access rights, handling customers and 




responsible for managing entities related to work, such as handling contracts and 
orders, generating work reports, creating and assigning work assignments to the 
worker, etc. Different application settings, such as predefined task types, email lists, 
etc. are managed with the Settings item sub-menu. Area item sub-menu allows 
managing the work area. Fleet item sub-menu is used for work vehicle management, 
Observation item sub-menu to manage observations such as road damages, and Trip 
item sub-menu to browse road trips of the vehicles. The latest addition in the 
application is the Work Safety item, which allows the worksite and worker's safety. 
Supervisor users can see from this item if any user alert or danger report has been 
submitted by worker users using the Routa Android application and take necessary 
actions. 
 
A demo version of the application4 is available and can be accessed with a username 
and password on request. 
 
 
3.3.2. Road Recorder management application 
Road Recorder management application, which is part of this thesis, is planned to be 
a part of the Routa web application. It will be a separate sub-menu under the 
Observation item. In the Road Recorder management application, authorized users, 
such as the supervisor users, can browse the videos and location metadata that are 
uploaded by the Road Recorder application. Section 4.1 and 4.3 of chapter 4 will 








This chapter will first discuss the requirements for Road Recorder and Road Recorder 
management applications. Then it will briefly explain the system architecture, 
followed by the description of system functionality. Finally, the user interface of the 




The first step of design was defining the requirements with the customer. 
Requirements are divided into different categories and analyzed to fit them with the 
feature requests from the customer.  
 
 
4.1.1. Functional Requirements 
Functional requirements are product features that accomplish their tasks. They define 
a system or system components.  Functional requirements describe the functions a 
software must perform. Functional requirements for Road Recorder applications were 
defined after discussing different use cases with the customer. The functional 
requirements of the Road Recorder and Road Recorder management application are 
listed below.  
 
Road Recorder Android application 
 
1. Wireless connection between host devices of Routa application and Road 
Recorder application. 
2. Unobtrusive connection of the devices.  
3. Automatic reconnection of the applications and devices. 
4. Start and stop recording automatically. 
5. Record and store geo-location points as metadata of the videos.  
6. Upload recorded video and metadata to the server automatically and 
asynchronously. 
7. Track uploaded recordings, recordings in the queue, and upload failed 
recordings. 
8. Watch video recording display preview. 
9. Always keep the video focus on the road surface. 
 
Road Recorder management application 
 
10. Search videos with metadata (Address, Work contract, and order, etc.).  
11. Select and play front and rear videos side by side to compare road 
conditions. 




13. Enable the location tracking on the map while playing a video. 
14. Automatic detection of road cracks on the video. 
15. Automatic detection of road fixes. 
 
 
4.1.2. Performance requirements 
Performance requirements describe how well certain system components perform their 




Road Recorder Android application 
1. Establishing the connection between Road Recorder and Routa Application 
should be done within 3-5 seconds.  
2. Starting and stopping a recording should be done within 1 to 2 seconds. 
Otherwise, it can cause missing spots in the videos, hence cause valuable 
data loss. 
 
Road Recorder management application 
3. In the Road Recorder management application, searching and playing 
videos are demanding tasks for response time. Users should be notified of 
the progress. 
4. Feedback should be given to the users if the task is delayed for more than 5 




Road Recorder Android application 
5. The application should be available for use on appropriate devices at any 
time and place.  
6. Automated testing should be implemented to reduce bugs. 
 
Road Recorder management application 
7. The server and database should be scalable. 




9. The Road Recorder application should be compatible with Android 6 
Marshmallow (API 23) and higher versions.  
10. The Road Recorder management application should be compatible with any 






4.1.3. User Interface Requirements 
User interface requirements define how the graphical layout of the application should 
be presented and how such components should behave when a user interacts with them. 
A well-designed interface makes it easy for users to understand the functionality, 
purpose, and control of a system component. The user interface requirements of Road 
Recorder and its management system are listed below: 
 
Road Recorder Android application 
 
1. The Road Recorder application user interface should be compatible with all 
screen resolution sizes, including tablets and large screen mobile phones.  
2. It should only support landscape mode.  
3. The application should contain common android interface design 
components to understand each icon's meaning easily. 
4. The application should support multiple languages. 
 
Road Recorder management application 
 
5. The Road Recorder management application should be easily resizable in 
the browser.  
6. Interfaces should be mobile browser-friendly, and responsive.  
7. Standard error messages should be shown to the users. 
8. Localization of the user interfaces. 
 
 
4.1.4. Security Requirements 
Security requirements are a set of targets to protect the application against security 





1. User’s passwords should be encrypted before saving in the storage.  
2. Only authorized users with proper access rights should see the information 




3. Secure communication between the Web servers and other components. 







4.2. System architecture 
The overall system architecture is presented in Figure 4.1. 
 
 
Figure 4.1. System architecture of the Routa system. 
As can be seen, the system consists of two servers, one for the backend API and the 
other for the frontend. The API server hosts the RESTful APIs, which communicate 
with the database. There are two types of clients, browser clients and Android mobile 
clients. Routa web application and the Road recorder management application, which 
is also a part of Routa web application, are the browser clients. The mobile client 
includes the Routa application and Road Recorder application. UI server hosts the 
browser clients. API server receives and processes the requests from the clients. If the 
request is to update or send data, then the API server connects with the database for 
corresponding actions and notifies the clients back. Client applications show the data 
to the users. 
 
 
4.3. Functionality description 
In this section, the expected behavior of the systems is presented from both worker 
and supervisor roles. The worker uses the in-vehicle Road Recorder application, while 
the supervisor uses the video recording management functionality of the Routa web 
application, refer to Section 3 for details. 
 
Road Recorder application 
 
Since the Road Recorder is an in-vehicle application and the drivers use it while 
driving, it shouldn’t have a lot of functionality with direct user engagement. Figure 4.2 
shows the functionality use case diagram of the Road Recorder application for the 






Figure 4.2. Use case diagram of Road Recorder from worker user role. 
The worker users who will drive the maintenance vehicle on the road are the 
intended users of the Road Recorder application. The main functionality of Road 
Recorder is to start and stop recording. Users will need to log in to the Routa 
application and connect the Road recorder with the Routa to use the Road Recorder. 
When both applications are connected, recording video and metadata will start 
automatically depending on certain conditions, for example, if the Routa application 
is in work mode and the vehicle is moving at a speed greater than 5 km/h and less than 
40/h km. If the vehicle crosses this limit, the recording will stop automatically. The 
driver of the vehicle will be able to switch between on and off of video recording 
preview. There will be a recording log menu where users will see uploaded recordings, 
upload pending recordings, and upload failed recordings logs.  
 
Road Recorder management application 
 
The supervisors are the intended users of the Road Recorder management application. 
Since Road Recorder management is a part of the Routa web application, the user will 
log in to the Routa web application to use the recording management tool. Figure 4.3 
presents the functionality use case diagram of the Routa Road recorder management 
tool, incorporating the functional requirements presented in section 4.1.1. 
When a supervisor wants to inspect the recording, the first thing he/she will have to 
do is to search for the appropriate video. The supervisor will be able to use the search 
tool, enabling filtering the videos using different parameters, such as work order, video 
recording's city, timestamp, etc. Users will select front and rear videos and play them 
side by side to compare them. They will also be able to see the geographical location 
of the place where the video was captured on the map while playing the video in the 






Figure 4.3: Use case diagram of Road Recorder. 
 
4.4. User interface 
The UI design process is presented with the diagram in Figure 4.4. As can be seen, 
from the UI design process, we first identified the requirements for our application. 
After that, we started brainstorming sessions for starting the UI design process. For the 
Road Recorder management application, already existing Routa web application 
design guideline was used. Similar colors, fonts, icons, and themes were used to be 
consistent. Since the Road Recorder application should not include any distracting 
features and based on the UI requirements presented in section 4.1.3, we decided to 
use basic Android material designs. Prototypes for both applications were created 
directly using Android Studio5 where the design without any functionality was 
implemented. Such a solution allowed to make modifications easily. These prototypes 
were then discussed and tested with some real users at the client site. The design was 













The implementation of Road Recorder Android and management applications had 
been an iterative process. After analyzing the requirements and getting the design done 
(see Chapter 4), the actual implementation has started. Each of the features was 
implemented followed by one or more testing and evaluation phases with the customer. 
Some of the features were left out for cost-saving reasons. Examples of such features 
include automatic detection of road cracks and road fixes in the videos. Finally, 
choosing the technology stack was dictated by already existing Routa Systems 
applications.  
This chapter first discusses the development environment and tools used to 
implement the Road Recorder Android and management applications. After that, 
backend implementation will be discussed, including server technologies and third-
party services. Then, the implementation of the Road Recorder Android application, 
followed by the implementation of the Road Recorder management application, is 




5.1. Environment and tools 
Windows 10 was used as the operating system to develop both Road Recorder Android 
and management applications. The tools and services that were used to develop the 




GitHub6 is a web-based GIT repository hosting service. It offers the distributed version 
control and source code management (SCM) functionality of GIT7, as well as adding 
its features. The source code of developed applications was stored in the private 




For the development of the Road Recorder Android application, the Android Studio8, 
a free Integrated Development Environment (IDE) distributed by Google was used. It 
is an all-in-one tool to develop professional Android applications. Android Studio 
comes with the necessary software development kit (SDK) to download the facility for 
all Android versions. Android Studio version 3.0 or higher was used for the 
development. Android Studio also offers an extension for GitHub integration, which 











For the development of the Road Recorder management application, the licensed 
version of WebStorm9, a popular Web development IDE developed distributed by 
JetBrains10 was used. It supports almost all the popular Web programming languages, 
including but not limited to HTML, CSS, JavaScript, etc. It also comes with a nice 




A licensed version of PhpStorm11 was used for the development of the backend of 
Road Recorder applications which is also a commercial product of JetBrains. Just like 




In addition, some other tools were used. For example, to browse the database MySQL 
Workbench12 version 8.0 was utilized, and Postman13 for testing the REST API. 
 
 
5.2. Backend implementation 
The backend is the server-side of the application. It stores and manages data and 
supports client-side applications. The backend is not visible to users. The backend 
consists of the Rest API, database, and server, see Figure 4.1. 
 
 
5.2.1. Server implementation 
For the development of the PHP backend, the built-in Web server14 available in PHP 
5.4.0 was used. For the production deployment, the Apache webserver15 was used. 
Amazon Web Services16 are used as the cloud platform for the backend and Web 
frontend. 
    Rest API is written in PHP (version 7), which is a server-side scripting language. 
The Symfony17 framework (version 4) was used. It is a modern PHP framework, 
providing easy and compact functionality that speeds up the creation and maintenance 

















The database stores information related to the user, job, order, vehicle, location, 
recordings, etc. MySQL18 database is used as the data storage. MySQL was selected 
because it is free to use and has extensive support for working with spatial information. 
We used Doctrine19, an open-source PHP object-relational mapper library for writing 
SQL queries.  
Most of the data received from client applications are in JSON format. JSON data 
is then converted in the backend to the format and structure needed to store it in the 
database.  
Since this thesis focused on designing and implementing the Road Recorder and 
the Road Recorder management applications, the main unit of information to store in 
the database was recorded metadata. Therefore, a dedicated table 'Recordings' was 
created in the database. Its schema is presented in Table 5.1. Recorded video files are 
stored in Amazon S3, and the link to the file is put in the database. 
 
Table 5.1. ‘RECORDINGS’ table schema 
Column Name Data Type Description 
id int (11) Unique Id of the record. 
videoFile varchar (255) Link to the recorded video file. 
startTime datetime The start time of the recording. 
endTime datetime The end time of the recording. 
geometry longtext Road geometry (Latitude and longitude) 
workOrder int (11) Foreign key to a Job Id. 
vehicle int (11) Foreign key to the vehicle which is used 
to create the recording. 
 
The Recordings table is integrated into the rest of the database developed for Routa 
Systems. Figure 5.1 shows the ER diagram of the part of the Routa Systems database 
that is connected with the Recordings table. As can be seen, along with other metadata, 
the Recordings table stores the job id (workOrder) and vehicle id related to a recording. 









Figure 5.1. ER diagram of the Routa Systems database. 
 
5.2.3. Implementation of the Authentication process 
Routa Systems authenticate users using a username and password. Passwords saved in 
the database are encrypted using the SHA25620 cryptographic hash function after 
adding salt. Every time a user makes a service call, he/she is authenticated to the server 
using a JWT21 based token. This token is supplied to the clients when they successfully 
logged into the system using a username and password. The token is generated using 
the SHA256 algorithm, where a single secret key is used to encrypt and decrypt the 
token. This token carries the necessary information to authenticate users in each REST 
API call.  
As all the clients of Routa Systems use the same backend, the backend 
authentication process is also the same for all of them. Road Recorder does not have a 








Routa Android application every time a recording is completed. This token is then 
used to send the related recording to the server. 
 
 
5.2.4. Third-party frameworks and services 
Amazon S322 is used to store video files. Amazon S3 is a storage service offered by 
Amazon. It provides SDK for PHP for easy integration, which has comprehensive 




5.3. Road Recorder Android application 
Road Recorder application is an Android application for the driver user. It is the data 
generator of the system. The Road Recorder application is developed with Java 
(version 8) using the native Android (API 27) framework. The class diagram of the 
Road Recorder application is presented below.  
 
 







The application consists of an instance of RelayController and RecordingManager. 
RelayController handles the communication between the Routa Android application 
and the Road Recorder application using P2P Wi-Fi direct. It sends the request and 
response to the Routa Android application and handles those coming from the Routa 
Android application. RecordingManager listens to the request from RelayController 
and starts and stops recording when requested. RecordingManager also notifies 
recording status to RelayController. RecordingManager has an instance of Road 
Recorder. Road Recorder is controlled by RecordingManager and records the video 
and location data. RoadRecording class holds the current recording information before 
sending it to the remote server.  
GUI of the Road Recorder application consists of two simple views. When users 
launch the Road Recorder application, they will see the home interface, presented in 
figure 5.3. Here, recording and connection status are shown in the center of the screen 
and the notification bar. The home interface has two buttons placed at the top right 
corner of the screen. The first button is to turn on and off the video preview. If the user 
switches to video preview, he/she can see what the recorder is exactly recording. The 
second button is to access the recording logs. 
  
 
Figure 5.3. Home user interface. 
The recording log view, which is shown in figure 5.4, manages the recent 
recordings. It has three buttons: to see the list of recordings yet uploaded, uploaded 
recordings, and the upload failed recordings, respectively. When a user clicks on one 






Figure 5.4. Recording log menu interface. 
 
5.3.1. Synchronization with Routa Android application 
Road Recorder application uses Android P2P API23 to connect and communicate with 
the Routa Android application. When the Road Recorder application is opened and 
connected to a wireless connection, it first looks for the device running the Routa 
Android application, which is connected to the same network. Then it connects with 
the device, starts data and command exchange (see Figure 5.5). The connection uses 
WPA2 encryption24 to secure the data exchange. The Road Recorder application 
accepts commands from the Routa Android application and executes them, and sends 
a confirmation message of the execution. Depending on the confirmation message, the 
Routa Android application gets ready to send the next message or packet of data to the 








Figure 5.5. Sequence diagram of the connection between Road Recorder and Routa 
Android Application. 
 
5.3.2. Video recording with Camera API2 
The Road Recorder application records videos and metadata of the road. Both the Road 
Recorder and Routa Android applications need to be connected to the same Wi-Fi 
connection, and they should be connected. The driving mode in the Routa Android 
application needs to be in Work mode, and the car should be at a speed slower than 40 
km/h and faster than 5 km/h. If all the conditions are fulfilled, the Routa Android 
application sends a request to the Road Recorder application to start recording. The 
Road Recorder application starts video recording if the phone's camera is available at 
that moment and sends a confirmation back to the Routa Android application. We used 
Android's latest camera API25 2.  Camera API2 has the functionality to help keep the 
camera focused on the distant road surface, which is very useful, especially when there 
is any insect or raindrop on the windshield. Figure 5.6 represents a recording UI while 








Figure 5.6. Recording UI of Road Recorder application. 
 
5.3.3. Collection of location data with geo-location API 
When the Road Recorder gets the signal to start a recording, it also records geo-
locations of the car with the timestamp. These geo locations are later used to draw the 
driven road section on the map. These locations are synchronized with the video in a 
way that when a video is played, a line string will point to the exact location on the 
map of which video recording is playing at that moment. This synchronization between 
map location and the video player’s position is done by calculating the time difference 
between the log time of the video starting point and the log time of the selected point. 
To collect location data, we utilized Android’s built-in GPS and Android’s geo-
location API. Location is recorded and saved in a maximum interval of 500 
milliseconds. For the development purpose, the Lockito26 location simulator was used 
which helped to simulate location and speed indoor. 
 
 
5.3.4. Synchronization with Routa backend 
When video recording is in progress, timestamp and geo-location are saved in the 
application's local storage at each geo-location change. Each video can be a maximum 
of two minutes long to keep the file size small enough for a quick upload. Videos are 
saved in MP4 format without audio. After two minutes, a new video recording starts. 
When a video recording is finished, the Road Recorder application tries to send the 
video and the metadata to the backend asynchronously. If uploading fails due to a 
network or server error, the recording goes to the queue and retries later. If the upload 
is successful, uploaded metadata is added to the log, which is then visible from the 
Recording log view. To upload the recording, the Road Recorder application gets the 








5.4. Road Recorder management application 
Road Recorder management application is the Web frontend application for the 
supervisor user of the system. The data and contents created by the Road Recorder are 
monitored and managed with the Road Recorder management application. The Road 
Recorder management application is developed with Vue.js27 (version 2.6), a popular 
JavaScript framework.  
 
Figure 5.7. Class diagram of Road Recorder management application. 
Figure 5.7 presents the class diagram of the Road Recorder management 
application. ObservationVideos class handles the video and recording metadata 
fetching and pre-processing. It also facilitates search functionality. 
ObservationVideoList class shows the list of the searched videos. Users can select a 
front and rear video from here to play in the video players. ObservationVideos class 
has two media players to play front and rear video supplied from 
ObservationVideoList. Users can compare the videos and inspect videos in specific 
geo-location on the map. 
The first GUI that users see in the Road Recorder management application is the 
search view. Figure 5.8 represents the final design of the search GUI. Company 
supervisors can search for recording data with different parameters. For example, 
videos can be filtered using a specific date, company, or job. Searched videos are listed 
and can be ordered using their attributes. The related customer name, contract, and 
work order of recordings are shown along with the recording start time. Each list item 
has a dropdown button used to select the video to play as the front or rear video of a 
road. 
Selected rear and front videos of road fixing work can be played by using two media 
players placed side by side. The final design of the video playback screen is shown in 
figure 5.9. A google map is placed just below the players to track recorded vehicle 
locations on the road. Both the videos and locations are synchronized with one another. 
The map shows the specific location of the currently played video playback point. 
Also, a video can be played at a specific geo-location point. Observations are pinned 
on the map, which on click, shows observation details. A dropdown selector is added 
to the map to filter these observations. After watching the videos, the user can go back 







Figure 5.8. Video searching interface. 
 
 
Figure 5.9. Video playback and comparing interface. 
Different third-party frameworks and libraries were used in the implementation of 
frontend. Vue.js is chosen to implement the web frontend. Vue.js is chosen because it 
is lightweight, easy to learn, free to use, and has excellent community support. We 
used the licensed version of the HERE WeGo28 map for location visualization. They 







The Road Recorder Android and Road Recorder Management applications have been 
evaluated with test users to find out their usability and understand if they meet the 
customer requirements and which aspects can be improved. The term usability defines 
itself as it indicates how much a product is usable [44]. Usability indicates the ease of 
use of a product. Even though the user group of Road Recorder applications is not 
diverse in the truest sense of the word, our target group has various people on a smaller 
scale, including technical and non-technical background users. 
The evaluation has been done separately for the Road Recorder Android application 
and Road Recorder management application. We used the following approach for both 
the applications: First, we set the concrete questions we are interested in the application 
to get answers from the user study. After that, we studied the evaluation method and 
decided on the types of user tests that would be most suitable for our purpose. Then 
we decided who will be our test users. After that, we designed tests and interviews for 
both applications. Once all the materials were ready and approved, we conducted the 
study. We gathered the necessary data for the analysis, helping to understand what 
opportunities and implications exist in our applications. 
 
 
6.1. Evaluation of Road Recorder Android application 
Though the initial idea was to test the Road Recorder application with the actual 
drivers who work on the road, it was challenging to manage such users who want to 
participate. So, we changed the plan to do the tests with regular car drivers with Finnish 
driving licenses who have been driving at least for two years in Finland. We used the 
Wizard of OZ approach [45], where the user's reactions are observed in different 
situations. We forced different situations on the application while the user was 
performing tasks. Examples of situations include disconnecting Wi-Fi and stopping 
video recording. The observation was focused on how users behave in these situations 
and handle them. 
 
 
6.1.1. User study procedure and setup 
For the Road Recorder application evaluation, we defined the following five tasks to 
be performed by test users in the car, which were all given at once to the participants 
at the beginning of the test.  
1. Start Road recorder Android application and connect with the Routa app. 
2. Switch between the video preview and no-preview. 
3. Check if a recording is going on. 
4. Observe connection status 
5. Find uploaded and pending recordings. 
We decided not to conduct the tests while users are on the road for security and 
legislation issues. Instead, we used a parked car, keeping the engine running. There 
were 5 participants in the Road Recorder application test. Two of them are from 




The users performed the tasks sitting on the driving seat, pretending that they are 
driving while doing the tasks. The device having the Road Recorder application was 
set at the left corner of the car's dashboard. In contrast, the device with the Routa 
Android application was set at the right side of the driving wheel, facilitating easy 
interaction (see figure 6.1). Two different cameras were used to record the reaction of 
the users with their consent [Appendix 1]. Tasks are given on a printed paper and 
explained briefly. Once all the tasks are done, users are given a Google form to fill up 
[Appendix 3] to give their anonymous biographical data and comments and opinions 
about the application.  The tests took 15-20 minutes to perform. Each participant was 
offered a coffee ticket at the end of the test. 
 
Figure 6.1. Device orientation for Road Recorder tests. 
 
6.1.2. Results 
Most of the study's answers were collected with Google forms due to its easy 
distribution and helpful data analysis tools and are displayed below in this chapter. 
Regarding the demographic data, all five participants were males, 4 of whom were in 
their thirties and only one in their twenties. Two of them were researchers in the 
universities, and three of them were students.
Participants were asked to comment on the questions related to each task. The Likert 
scale (Strongly disagree - Strongly agree) was used. The following table shows the 
percentage of answers on different scales.  















It was easy to 
understand that the 
Routa and Road 








was in the right 
position. 
0 0 0 20 80 
Video preview was 
enough to set the 
phone in the right 
position. 
0 0 0 60 40 
Recording status was 
indicated. 
0 0 40 40 20 
Connection status 
notifications were clear 
enough. 
0 0 0 0 100 
Notification messages 
distracted you. 
60 0 20 0 20 
It was easy to find the 
recording logs. 
0 0 0 20 80 
 
With the Likert scale, we also allowed participants to answer some free-form 
questions where they could answer about the app features.  
For the question “Which features you liked the most and why?”, two of the 
participants mentioned the video preview. “Video preview and logs, as they are easily 
defined and straightforward to find”, wrote one of them. One participant liked the 
smooth auto connection between the Road Recorder and Routa application.  
And for the question “Was there any feature you didn’t like?” two users said that 
there is no feature they did not like specifically.  “Recording logs are not very useful. 
Thumbnail of the recordings could be shown to understand which recording it is”, 
suggested one of the participants.  
Participants suggested some features to improve the usability of the system. For 
example, one of the users suggested using a more prominent display and combining 
both the Routa and Road recorder into one so that drivers do not need to take care of 
two devices. One user suggested adding a button to connect and disconnect 
applications manually to have better control of the connection.  Another user wanted 
the feature to see the recording log details. He was trying to see the recording log 
details by clicking on a recording log item. "Video icon could be replaced with a 
recorder icon. Instead of showing 'Recording', it should say- 'Recording in the 
background', and the icons should have active and passive states to indicate which 







From table 6.1, we see that most of the users either agreed or strongly agreed with the 
positive statements. For example, all of the participants agreed that the connection 
status notification was clear to them. Also, connecting between the Routa Android 
application and the Road Recorder Android application was easy for all the 
participants. The same applies to video preview and recording log functionalities. 
From this, we evaluated that these features do not need immediate improvement. 
Some features can still be improved, for example, notification messages. There was 
at least one user who was distracted by notification messages. To 40 percent of the 
participants, the video recording status icon was neither clear nor unclear, indicating a 
chance to make it more straightforward. 
From the feedback from participants of the study, we evaluated that some features 
can be improved as follows: 
1. The video icon can be changed to a Recorder icon. Recording status messages 
can also be improved, for example, instead of showing “Recording” we can 
show “Recording in the background”. Icon and text color can be changed to 
active or passive depending on which view they are on.  
2. The recording log view can be improved. Users should be able to see more 
details of a recorded log. They should be able to see a thumbnail of the video 
to understand which recording it is. 
3. A button could be added to manually connect and disconnect the Road 
Recorder with the Routa application.  
4. Change the position of the notification messages to reduce distraction. 
  
We should admit that there were some limitations of this study: 
1. We could not manage enough road maintenance users for the test, so the test 
was done with regular car drivers.  
2. We could not find enough test users because of the Covid-19 pandemic.  
3. The application could not be tested in a real driving situation because of the 
legislation and safety of the test users.  
4. As users did not have to drive the car during the test, it was impossible to know 
how they would react in different situations in real-life applications.  
5. Because some users were from an information technology background and 
knowledge about the modern application components, the results might be 
biased.  
6. Test users were either students or University researchers. Moreover, gender 
and age groups were not diverse enough, which could lead to bias in results. 
Overall, the study participants found that the Road Recorder Android application is 







6.2. Evaluation of Road Recorder Management application 
The Road Recorder management application is for the supervisor user of the Routa 
Systems. Though the final production version of the Road Recorder management will 
be tested with the supervisor users from the industry, for evaluation in this thesis, we 
recruited test users with different backgrounds. The test's target is to evaluate different 
application components and find the SUS score [46] of the application. The SUS score 
is an easy, quick, and most common way to understand the usability of an application. 
In the SUS evaluation process, the user first experiences the application and then 
participates in answering the SUS questionnaire. 
 
 
6.2.1. User study procedure and setup 
For the Road Recorder management application evaluation, we defined the following 
tasks:  
1. Login to the Routa web app. 
2. Go to the recording list from the observation menu. 
3. Search video recording with a time range. 
4. Select and play front and rear video together. 
5. Check road conditions in a specific geo-point from the map. 
6. Go back and play another video. 
7. Log out from the system. 
The tasks were also given on a printed paper at the beginning of the test and 
described briefly. There were also 5 participants in the Road Recorder management 
application test, of which 2 of them also participated in the Road Recorder application 
tests. The tasks took 10-15 minutes to finish. After completing the tests, users were 
given a Google form with SUS questions and some anonymous biographical and 
opinion questions. The test took about 20 minutes. Participants were also given coffee 




The SUS tests and the follow-up questions [Appendix 5] were asked using Google 
form for easy access and secure storage of the data. Among the five participants, one 
was female, and the rest were male. Four participants were in the 20-29 years old 
range, and one was in 30-40. The SUS questions and the SUS score for each user are 
presented in the table below.  
Table 6.2. The SUS scores of Road Recorder management application 












I think that I would like to use this 
system frequently 





I found the system unnecessarily 
complex 
1 1 4 3 4 
3 I thought the system was easy to use 5 5 2 4 2 
4 
I think that I would need the support 
of a technical person to be able to use 
this website 
2 2 1 1 4 
5 
I found the various functions in this 
system were well-integrated 
5 4 3 3 3 
6 
I thought there was too much 
inconsistency in this system 
1 1 4 2 5 
7 
I would imagine that most people 
would learn to use this system very 
quickly 
4 5 4 4 4 
8 
I found the website very 
cumbersome to use 
2 1 2 2 3 
9 I felt very confident using the system 4 4 3 4 1 
10 
I needed to learn a lot of things 
before I could get going with this 
system 
1 2 3 5 5 
 SUS SCORE 90 90 55 65 27.5 
Average SUS score = 65.5 
 
In the follow-up question section, we have got some critical suggestions from the 
test users. These will help to improve the usability of the application. For example, 
when asked about the feature that can be improved more, most test users mentioned 
that the video selection for playing in the players could be improved. Test users most 
liked the side-by-side video playing and comparing feature, while the most unpleasant 
feature was choosing and starting the video playback. We also got some small feature 
requests, for example, indicating which video is selected for the front player and which 
video is for the back, a play button that will play and pause both the videos at a time, 




The System usability scale does not give an absolute truth but a measurable score of 
the functionalities to relate with other functionalities scores. It will tell us what to 
improve out of the measured functionalities. For reference, here is how the scores 
should be interpreted [47]: 
 A Score over 80: These systems have great usability. 
 A score under 70: These systems have average usability. 




Table 6.2 shows how our test users answered usability questionnaires. Based on 
those answers, we calculated the SUS score for our application (average is 65.5). It 
falls to the second category with average usability. The score indicates that there is 
room for improvement. The score of question 4 and 10 indicates that the learnability 
of the application is very good, but some of the participants found the system a bit 
complex and need further assistance. 
Though the application wasn’t unnecessarily complex to the participants, there were 
some improvements and features requested from the participants. Some of them are 
listed below. 
1. Provide more metadata and a preview of the videos to help understand which 
video the user is selecting. 
2. Coupling the front and rear video so that the user does not need to understand 
manually which video is a rear video for a front video.  
3. Feedback to the user that the video is selected for front or back video.  
4. A button to play both front and back video with one click. 
5. Better organization of the video searching and selection menus.  
 
Similarly, there were certain limitations of this study:  
1. We could not manage enough real target industry users for the test, hence the 
test is done with test users of various backgrounds.  
2. Because of the current Covid-19 pandemic situation, tests were done online. As 
a result, it was not possible to record users' reactions during different stages of 
the test. 
3. As the Road Recorder Management application is a part of the bigger Routa 
web application, we could not get what would be the real usability score if the 
Road Recorder Management application is a stand-alone application.  
4. Here also the result is biased by age group and gender as there were not enough 
test users of diverse ages and gender. 
As can be seen from the study, the video choosing functionality is the one that needs 
critical improvements, Other than that, different menus and video playback 
functionalities do not need changes.  
 
 
6.3. Evaluation against requirements 
This section analyzed both the Road Recorder Android application and Road recorder 











6.3.1. Road Recorder Android application 
Functional requirements:  
Table 6.3. Functional requirements evaluation of Routa Android Application 
Requirement Analysis 
Wireless connection between host 
devices of Routa application and Road 
Recorder application. 
Routa And Road Recorder Android 
applications are connected through the 
common Wi-Fi they are connected with.  
Unobtrusive connection of the 
devices.  
Devices connected in the background 
without user interaction.  
Automatic reconnection of the 
applications and devices. 
If devices disconnect for any reason, it keeps 
retrying to reconnect automatically and 
inform users. 
Start and stop recording 
automatically. 
Starting and stopping recording happens 
automatically depending on speed and work 
mode.   
Record and store geo-location points 
as metadata of the videos.  
From table 5.1 we see that the 
‘RECORDINGS’ table stores various 
metadata of recordings along with 
geometry. Geometry consists of the latitude 
and longitude of the location.  
Upload recorded video and metadata 
to the server automatically and 
asynchronously. 
Recorded videos are uploaded automatically 
and asynchronously when network is 
available, which is described in the 
Implementation chapter, section 5.3.4 
Track uploaded recordings, 
recordings in the queue, and upload 
failed recordings. 
With the recording log user interfaces, users 
could browse video recording logs.  
Watch recording display preview. Video recording view and preview features 
are implemented.  
Always keep the video focus on the 
road surface. 
This could not be implemented properly due 
to the limitation of Android camera API 2.0.  
Camera API doesn't help to keep the focus 
on any specific distance. This can be 
improved in the future when the feature is 







Table 6.4. Performance requirements evaluation of Routa Android Application 
Requirement Analysis 
Establishing the connection between 
Road Recorder and Routa application 
should be done within 3-5 seconds.   
The connection happens within 1-5 seconds 
of starting both applications.  
Starting and stopping a recording 
should be done within 1 to 2 seconds. 
Otherwise, it can cause missing spots 
in the videos, hence cause valuable 
data loss.  
Starting and stopping recording is 
controlled by the Routa application, which 
sends a signal to the Road Recorder 
application when needed. The signal 
reaches within milliseconds which is quick 
enough for this case.  
The application should be available 
for use on appropriate devices at any 
time and place.   
The application is written on the native 
Android framework and can be installed on 
any Android device. Any user with a user id 
can use the application. The application is 
only available to test users now.  
Automated testing should be 
implemented to reduce bugs. 
Travis CI29 is used to test continuous 
integration. However, there is no automated 
functional test implemented. The 
application has been tested manually across 
different devices.  
The Road Recorder application should 
be compatible with Android 6 
Marshmallow (API 23) and higher 
versions. 
Initially, the minimum target API version 
was 23, the application is developed only for 
API version 27 or higher. So, the application 
does not meet this requirement.  
 
User Interface Requirements: 
Table 6.5. User interface requirements evaluation of Routa Android Application 
Requirement Analysis 
The Road Recorder application 
interface should be compatible with 
all screen resolution sizes, including 
tablets and large screen mobile 
phones.  
The application is built responsive, which 
means it will auto-scale with the screen size 






It should only support 
landscape/horizontal mode.  
The application is locked to landscape mode 
and cannot be used in portrait mode.  
The application should contain 
standard android interface design 
components to understand each icon's 
meaning easily. 
The application follows the common 
android design component. There was one 
user who could not understand the recording 
icon which we will need to redesign.  
Localization of the user interfaces. 
 
The application provides user interfaces in 
English, Finnish, and French.  
 
Altogether, the Routa Road Recorder application meets most of the requirements. 
 
 
6.3.2. Road Recorder Management application 
Functional requirements:  
Table 6.6. Functional requirements evaluation of Road Recorder management 
application 
Requirement Analysis 
Search videos with metadata 
(Address, Work contract, and order, 
etc.).  
Video can be searched with the contract, 
work order, and date range which is enough 
at this stage.  
Select and play front and rear videos 
side by side to compare road 
conditions. 
Front and rear videos can be selected and 
play side by side with different media 
controls.  
Ability to watch the video at a certain 
geo-point.  
Video can be played/paused in a specific 
geo-point from a map.  
Enable the location tracking on the 
map while playing a video. 
Location progress is drawn while the video 
progresses in the player.  
Automatic detection of road cracks on 
the video. 
It has not been implemented in this version 
of the application.  
Automatic detection of road fixes. It has not been implemented in this version 










Table 6.7. Performance requirements evaluation of Road Recorder management 
application 
Requirement Analysis 
In the Road Recorder management 
application, searching and playing 
videos are demanding tasks for 
response time. Users should be notified 
of the progress. 
Data has been fetched from the backend 
using lazy loading, and a loader is shown 
during the data load.  
Feedback should be given to the users 
if the task is delayed for more than 5 
seconds, or there is a failure.   
Toast messages are shown to the user in 
case of failure.  
The server and database should be 
scalable. 
The server and database are hosted using 
the AWS elastic beanstalk30 which takes 
care of auto-scaling of the server and 
database.  
The database should be indexed to 
perform an efficient video search.  
This version of the application database is 
not indexed, hence searching with large 
data is slow.  
The Road Recorder management 
application should be compatible with 
any modern JavaScript-enabled 
browser. 
The application is written in the Vue JS 
framework, hence compatible with a 
JavaScript-enabled browser.  
 
User Interface Requirements: 
Table 6.8. User interface requirements evaluation of Road Recorder management 
application 
Requirement Analysis 
The Road Recorder management 
application should be easily resizable 
in the browser.  
The application is developed using 
responsive CSS libraries, which enables 
easy resizing in different screen sizes.  
Interfaces should be mobile browser-
friendly, and responsive.  







Standard error messages should be 
shown to the users. 
Custom toast messages with different 
colors are used to show different errors, 
warnings, and notification messages.  
Localization of the user interfaces. 
 
The application provides user interfaces in 
English, Finnish, and French.  
 
Security Requirements: 
Table 6.9. Security requirements evaluation of Road Recorder Android and Road 
Recorder management application 
Requirement Analysis 
User’s passwords should be encrypted 
before saving in the storage 
Passwords are encrypted using the 
sha256 encryption algorithm before saving 
them into the database.  
Only authorized users with proper 
access rights should see the 
information of other users.  
Role-based token authentication is used to 
authenticate users to access different 
resources.  
Secure communication between the 
Web servers and other components. 
HTTPS connection is used for both backend 
and frontend access which is the most secure 
communication protocol for servers and 
clients.   
Proper security configuration at the 
server-side protecting from 
unauthorized access 
All the resources are token protected which 
can be gained only by using a registered 
username and password, ensuring the 
unauthorized access block.  
 
From the analysis, we can say that the application meets most of the defined 
requirements. Despite the low SUS score of the Road Recorder management 






In this thesis, the Road Recorder Android application and a web console to explore the 
content collected with the Road Recorder application have been developed and 
evaluated with real users.  
The main objective of this thesis was to develop a smartphone-based in-vehicle 
application for road work inspection and a web tool for the management of the video 
and metadata collected through the smartphone application. The result of Road 
Recorder Android application tests indicates that the application can serve its purpose, 
which is gathering the road data and videos for inspection. On the other hand, the Road 
recorder management application also provides facilities for analyzing the collected 
data, but it needs more improvement in its user interfaces for better usability. Though 
the developed applications are not yet production-ready, they can be used as pilot 
programs in the production environment. 
While the municipalities need to take photos of every road fix they have done, the 
Road recorder system removes this burden by taking and storing simple video and 
metadata of the road surface. Sometimes it is hard to find the road fix in the videos 
without extra effort. This could be improved by using some image processing 
algorithms and mobile sensor data to highlight the road anomalies on the video. For 
instance, Yan et al. [50] presented a prototype of a video-based pavement distress 
screening (VPADS) system using Canny Edge detection [51], Boundary contour 
analysis [52], and probabilistic Hough transform algorithm [53], which can detect road 
anomalies in video. Another example is the work by Andrew et al. [54], who presented 
and analyzed different schemes where they used smartphone sensor data of crowd 
users to identify road anomalies. Integrating one of these approaches could 
significantly improve the user experiences of Road Recorder. 
One of the challenges during the development phase was to test the Road Recorder 
Android application indoor. GPS sensors are not yet developed enough to give precise 
indoor location. The location simulator helped to overcome this by simulating location 
and speed changes. Greenhill et al. [11] tested a mobile surveillance system in an actual 
road situation but did not mention how it was tested indoors during the development 
stage. Gao J. et al. [48] suggested different approaches to test android mobility 
applications, including using a simulator application like Routa used, with a 
preconfigured location in the actual device, and using other users' devices. 
Conducting user studies also faced some challenges. Particularly, finding the test 
users for testing the Road Recorder application was hard during the Covid-19 
pandemic. It is an exceptional situation related work never faced. Conducting the user 
study for the Road Recorder management application was easier to organize because 
it was possible to conduct it online. 
Also, the Road Recorder testing was done in a controlled environment. It allows 
observing different situations while testing the application closely. However, it 
sometimes cannot present the actual context of the mobile application uses [55]. For 
example, in the Road Recorder testing, connectivity was smooth throughout the 
testing, which could be different in an actual work situation. Zhang et al. [55] 
suggested a field study approach for such testing where the users will physically move 
around in a dynamically changing environment resulting in changing test parameters 





As the vehicle was stationary during the test and provided explicit surveillance 
videos, the resulting application from this thesis indicates that this kind of smartphone 





8. FUTURE WORK 
In this thesis, we have evaluated the first version of the Road Recorder application.  
Doing any more future work on this project depends on the client's requirements and 
budget, but there is room for future improvement and enhancement in the application. 
Chapter 6, sections 6.1.2 and 6.2.2, have described some improvements and feature 
requests from the test users. In the next version of the application, those can be 
implemented.  
In the Road Recorder Android application, we can add a media player to preview 
the recorded video and add a description to identify the videos better later. The video 
recording function can be improved to keep the video focus continually on the road 
when there is an updated camera API from the Android framework.  
In the Road Recorder management application, the overall video searching and 
playing functionality can be improved. We can implement some video processing 
algorithms to compare frame by frame of the videos and mark different road conditions 
in the video in future work. Automatic detection of road surface anomalies using AI 
and machine vision can also be implemented in the future.   
To overcome the limitation of the previous user tests, both the applications should 
be re-evaluated with some real users in the actual driving situation. All in all, for both 
applications, overall usability can be improved. As improving usability is an iterative 
process, the application should go through a few more rounds of improvements and 
evaluations. Also, the applications should be tested and evaluated with customers to 
understand the usability in the industry and see how much of the expectations are met. 
After conducting the user tests, we realized that we could ask users to rate each task 
individually, which could help us better understand each task's usability. It can be done 






Nowadays, every sector of human life is influenced by the use of smartphones. 
Professional work is handled and monitored using different smartphone applications 
in almost every sector, like real-time traffic information, postal services, hotel 
industries, employee management systems. A similar situation is with the use of 
smartphones in road construction works.  
While most mobile surveillance systems use separate camera modules for in-
vehicle surveillance systems and then process those in a different computing system 
[2] [11], the Road Recorder system, developed in this thesis, uses smartphones to 
record and process the videos. It can help to build low-cost commercial versions of 
such kinds of systems. Moreover, using smartphones makes our system highly portable 
and easy to set up in any vehicle. 
After this thesis, Ficonic Solutions Oy now has a new software product. With some 
improvements, this can bring a significant number of clients to the company. 
Particularly, the thesis is vital for the clients of Routa Systems. With the use of the 
Road recorder tools, they would reduce the manual work proofing. This thesis was 
significant for the writer because he got the chance to learn some new technologies by 
developing the applications and learned HCI aspects in more detail. 
Road recorder application has potential in different road and construction worksites 
with zero or minor changes in its functionalities. The application can reduce the 
amount of manual work in a worksite where constant monitoring and proof of work 
need to be stored, hence saving time, money, and resources. With the advancement in 
image processing and object detection, the Road Recorder can be used in more use 
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Appendix 1. Consent form for video recording of the Road Recorder Android 
application testing. 
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Appendix 2. Road Recorder testing plan with drivers 
 
Testing plan with Drivers: 
 
Target users: Users of Video Recorder Android application. Test users are the people with 
real driving experience on the road.  
 
Target of the test: The target of this test is to evaluate the Road recorder application 
components.   This test will help to evaluate and improve the app UI, notification system, and 
error messages. Some demographic data such as the age of the users will be collected. With 
this user test, we want to find the learnability and effectiveness, efficiency factors of usability. 
When users do the task, we are interested to know how quickly they are learning to use the 
system. After they learned to use the system, we want to know how accurate they are in doing 
the task and how complete is the task. Once users have done the task right, next we are 
interested to find how fast they are in doing the task.  
 
Number of users: 5-7 
 
Test method: Wizard of OZ approach. We will force show different situations on the app and 
ask to do some tasks. We will then observe and record how users behave in different situations. 
 
Test setup: For the driver’s test, a stationary parked car will be used. Users will be behind the 
wheel pretending that they are driving. Two cameras will be used to capture users' interactions 
and reactions with the system while doing the tasks. A printed instruction and the task list will 
be given to the users along with some vocal descriptions. Two Android devices will be used 
for the tasks. |One will be mounted at the middle top of the vehicle with the Road Recorder 
installed in it. Another device with the Routa application will be mounted near the steering.   
 
Time needed: 20-30 min max 
 
Planned tasks:  
 
Tasks Scenario Task for the 
user 




1 The user wants to 
connect between the 
Routa app and the Road 
recorder app to start the 
video recording. Routa 
app is up and running. 
Now it needs to connect 





Describe how two 
apps connect and 
observe if the user 
is doing it right. 
Observe what is 
done right or 
wrong 
1. Was it easy 
to understand 
that apps are 
connected?  
2. Is the 
connected 
message in the 
right position?   
2 The user wants to see 
the video preview so 
that he can set the 





Observe if it is 
easy to switch 
preview. 
1. Is preview 
enough to set 






2. Does the 
button indicate 
a preview? 
3 The user needs to know 
if a recording is going 
on 












4 Wi-Fi connection is lost User should be 
notified that 
Wi-Fi is not 
connected 
Observe if the user 
understand that no 
Wi-Fi is connected 
1. Is the 
notification 
clear enough?  




5 It needs to be checked if 
all the recording log is 
sent to the server.  
Go to the 
recording log 




Observe if it is 
easy for a user to 
find the log 
1. Is it easy to 























































Appendix 4. Road Recorder Management application testing plan with managers 
 
Testing plan with Company Managers: 
 
Target users: Company manager who will use the Video recording management web 
application. Test users are people who do not have a technical background.  
 
Target of the test: The target of this test is to evaluate the Video recording management web 
application components and find the SUS score of the web console and improve the UI and 
functionality accordingly.  
 
Number of users: 5 
 
Test method: SUS evaluation approach will be used here. Users will be given a series of tasks 
to do with the system and then they will participate in a SUS test.  
 
Test setup: Manager’s test will be done using a windows browser. A brief description of the 
system and its functionality will be given vocally. Users will be then given a printed task list 
to complete the scenario presented below to follow. The tasks are orientated in a way that the 
participants will need to go through almost all the functionality of the application. User’s 
behavior and execution time will be observed while they are doing the task to analyze later. 
 
Scenario: 
Road workers have done some road crack fixing work. They used the Road Recorder 
application to keep evidence of the road fix. The company manager now wants to check if the 
job is done properly. He knows when the job is done. He needs to search the recorded videos 
and compare the video of the road track before and after the road work.   
 
Time needed: 15-20 min 
 
Planned tasks:  
 
1. Login in Routa web app 
2. Go to recording list from observation menu 
3. Search video recording with a time range 
4. Select and play front and rear video together 
5. Check road condition in a specific geo-point from the map 
6. Go back and play another video 









Appendix 5. SUS questionnaire with follow up questions 
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